ABSTRACT: Ecological concepts and data may justify the selection of biodiversity conservation plans among different options, but can also lead to poor conservation guidelines if not properly used. The use and meaning of the 'surrogate' concept in ecology and conservation planning contexts is a typical example. Surrogates are entities such as species, environmental variables or habitats, which are used to represent a target entity such as genes, species, ecosystems or related metrics. 'Pattern-based surrogacy' identifies effective surrogates using statistical congruence, while 'selection-based surrogacy' identifies effective surrogates through a notional conservation plan or prioritization analysis where sites are added to a set of protected areas, often using a complementarity criterion between sites. With this clear framework in mind, an investigation of the coral reef literature revealed that most published studies on surrogates of reef biodiversity refer in fact to pattern-based surrogates. Fundamentally, there is nothing wrong with both approaches. However, efficient pattern-based surrogates are often recommended for conservation planning, implying that they could be efficient selection-based surrogates. In fact, efficient pattern-based surrogates are not necessarily efficient selection-based surrogates and vice versa. The reason is the complementarity rules used by selection algorithms. We call for more clarity from authors on the context in which effective surrogates have to be used, and more caution from managers when surrogates are to be used in conservation plans.
INTRODUCTION
Ecology aims to describe and study distribution and patterns of biodiversity to empirically infer the complex bio-physico-chemical processes that have created this biodiversity through time and space. Conservation science and management then use ecological descriptions and patterns to elaborate biodiversity conservation plans. Ecologists increasingly turn to applied conservation science given the increasing societal (and funding) requirements for 'useful' research to achieve population well being and resource sustainability. In fact, conservation is rewarding for ecologists as citizens worried about how the natural world is degrading. But also intellectually speaking since conservation brings new challenges and fresh paradigms when looking at classic ecological problems and data sets. However, in some instances, conservation has brought specific angles to ecological problems to the point that it may be necessary to clarify recent concepts (Caro 2010) . Confusing recommendations may have negative and costly con-sequences on the decision-making process because managers could channel substantial efforts and funds in the wrong directions (Carwardine et al. 2008) .
The goal of this Note is to (re-)emphasize the specific use and meaning of the words 'surrogacy' and 'surrogates' according to their common uses in ecology and conservation planning. In its broader ecological meaning, surrogates can be defined as entities (species, environment data, habitats) which are used to represent other biodiversity entities (genes, species, ecosystems or biodiversity metrics). The practical justification of using surrogates generally comes from the substantial funds, expertise and time needed to acquire new data (Grantham et al. 2008 (Grantham et al. , 2009 ). Instead, existent data or data that are cheaper or easier to acquire (i.e. surrogates) are used. In the conservation planning literature, reference to a conservation plan is implicit. For Caro (2010) for instance, surrogates are entities which are used to represent other species or aspects of the environment to attain a conservation objective. The use of surrogate data sets instead of more precise ideal biological data sets is increasing (e.g. Mellin et al. 2011 ). However, under the general aforementioned 'surrogate'/ 'surrogacy' vocabulary, there are several distinct notions. Since they may lead to paradoxical and apparently contradictory guidelines in terms of data acquisition and conservation strategies, managers need to be aware of the differences.
PATTERN-BASED AND SELECTION-BASED SURROGATES IN ECOLOGY AND CONSERVATION
In all terrestrial, marine and freshwater realms, many ecological studies have investigated the links between biodiversity patterns (e.g. exhaustive species diversity) and ancillary variables (typically environmental and habitat variables, but also other accessible species and higher-order taxa). The goal is to infer the processes explaining the observed biodiversity, but also to find good direct predictors of biodiversity patterns (Gaston 2000 , Ricklefs 2004 , Tittensor et al. 2010 . In ecology, if that link is statistically strong, the ancillary variable can be used as a proxy of the studied biological system, especially if this proxy is easier, faster or cheaper to study than the initial target. In this case, simple congruence measurements between the 2 variables (such as Spear man and Kendall correlation coefficients or Mantel tests) are sufficient to estimate the effectiveness of the proxy. Knowledge of biodiversity from genes to ecosystems is far from perfect in most locations. Collecting new adequate comprehensive gapfilling data is considerably demanding in terms of resources and expertise (Balmford & Gaston 1999) . Therefore, predictive ecological models that integrate efficient proxies are useful cost-effective tools to describe biological patterns (Mellin et al. 2011) . In ecology, these proxies are frequently called 'surrogates'. In these types of applications, these surrogates are used as statistical 'predictors' or 'indicators' of other biodiversity features (for which data are limited). Such surrogates have recently been described as 'pattern-based surrogates' (Grantham et al. 2010) .
In systematic conservation planning (sensu Margules & Pressey 2000), the goal is often to produce an efficient strategy of prioritization, from a selection of different scenario outputs. Scenarios aim to reach a specific conservation target, such as protecting a maximum of all biological features over a certain area. Often, adequate knowledge is limited (Rodrigues & Brooks 2007) , and conservation planners must use proxies instead of the ideal data sets to run their scenario (Caro 2010) . For instance, the aim of managers can be to include the greatest number of species encountered in one area in a reserve system covering a portion of this area. If, for instance, fish biodiversity is deemed suitable to represent the total biodiversity in this area, conservation planners may be tempted to build their conservation strategy on fish biodiversity distribution. In this case, fish distribution would be a 'surrogate' of the (unknown) total biodiversity in the conservation design. Another example could be to use habitat maps as surrogates of species (Dalleau et al. 2010) . In that case, the surrogacy scenario would include a minimal proportion (area) of all habitats in a reserve system. It would then be compared to a reference scenario targeting the inclusion of all recorded species into the system. There are different methods to assess the effectiveness of selection-based surrogates, all based on a comparison between the ability of the design method to include the feature(s) of interest in the system when using the surrogate and when using the specified reference (see Grantham et al. 2010 for a description of the main methods). Typically, if the habitat-based reserve system includes a similar number of species within a similar number of protected units in the set of reserves, compared to the speciesbased reserve system, the habitat can be considered an efficient surrogate of total biodiversity from a conservation planning standpoint. The effective accumulation of the targeted species in the set of reserves can be measured with accumulation curves (Sarkar et al. 2005) , and related metrics (such as the species accumulation index, SAI; Rodrigues & Brooks 2007) . The SAI is based on the differences of the areas under the accumulation curves. It quantifies the effectiveness of the scenario, and thus the effectiveness of the used surrogate. In general, a surrogate will be more efficient than another if conservation scenario outputs show that a conservation target is reached at a lower cost than with other datasets. Therefore, the measure of surrogacy potential in a conservation context is not based solely on a statistical measure of good fit, but it depends on the costeffectiveness of a scenario, which is itself highly dependent on prioritization methods. In most cases, these prioritization methods are selection or optimization algorithms ). Such surrogates are known as 'selection-based surrogates' (Grantham et al. 2010) .
It is also important to add that, often, 'patternbased' and 'selection-based' surrogates are the same entities (for instance a habitat descriptor). It is the evidence of effectiveness, and how it is measured, that makes them pattern-based or selection-based, and not the nature of the entity.
CONTRASTED EFFECTIVENESS OF PATTERN-BASED AND SELECTION-BASED SURROGATE LEADS TO APPARENT PARADOX
What is often seen as a paradox is that an efficient pattern-based surrogate in ecology is not necessarily an efficient selection-based surrogate in conservation. The opposite is also verified. For instance, if a surrogate has a strong statistical spatial link with the distribution of a suite of endangered rare species, depending on the scenario used to save these species, the use of the surrogate instead of the actual list of species can be either efficient or misleading. Examples are found in the literature. For coral reefs, Beger et al. (2007) , who investigated cross-taxa surrogacy, gave a good example that contradicts the idea that a good pattern-based surrogate is a good selection-based surrogate. They showed that even though there is a spatial correlation between a variable X (fish, corals or molluscs) diversity and a variable Y (fish, corals, molluscs) diversity, the design of a marine protected area based on X would lead to a poor representation of Y diversity. On the other hand, Dalleau et al. (2010) showed that using marine benthic habitats to design a marine protected area would likely benefit species diversity of various taxa despite no apparent spatial correlation. This demonstrates the point that efficient selection-based surrogates are compatible with low spatial congruence and weak efficiency as pattern-based surrogates. This paradox is of course only apparent.
Of this pseudo-paradox, 2 illustrations are given here using a simple simulation and a case study.
(1) For 2 simulated data sets (Fig. 1) , we show the possible occurrence of strong and weak patternbased effectiveness, associated with respectively weak and strong selection-based effectiveness ( Fig. 2 and Table 1 ). (2) We extracted a subset of the data set presented by Dalleau et al. (2010) , who tested coral reef habitat maps as surrogates of spe- Fig. 2 and Table 1 ). The matrix indicates the distribution (presence/absence) of 5 surrogate features (S1, S2, S3, S4, S5) and 5 target features (T1, T2, T3, T4, T5) among 7 sites. Perfect spatial congruence would be evidenced as a perfect match between locations cies inventories in Wallis Island (South Pacific). Dalleau et al. (2010) re ported a poor correlation (non-significant) between macroalgal diversity and habitat diversity at all spatial scales and for all levels of habitat characterization (Fig. 3 ). Yet, habitats were always effective surrogates in representing the same algal diversity in a conservation plan (Fig. 4) . These 2 examples highlight the common occurrence of the paradox.
In the recent coral reef literature (reviewed below) and elsewhere, the word 'surrogate' is often used with a 'patternbased' meaning. There are many claims that good surrogates (sensu pattern-based) are identified, but conclusions on effectiveness of pattern-based surrogacy cannot be systemati cally generalized to selectionbased surrogacy. This caveat is important for managers and funding agencies. If they aim for a conservation objective using decision support methods such as systematic conservation planning, they should fund studies that are articulated around a conservation plan, and not ecological studies that statistically quantify links be tween variables. This plan can be quite specific, as the local conservation objectives can also be quite specific as well. Therefore, using the published pattern-based conclusions from one site (or region), to identify a conservation area network for another site (or region), is not a recommended practice.
As mentioned by Grantham et al. (2010, p. 8) , 'insights into surrogates could be gained from reviewing aspects of the ecology and biogeography of species that both support the use of surrogates', or in other words, it is useful to identify beforehand the specific aspects of species (e.g. their rarity) that make surrogates effective or ineffective. This also suggests that demonstrated efficient pattern-based surrogates could be used to develop selection-based surrogacy strategies. But, as highlighted here, effectiveness of both cannot be guaranteed. Methods for assessing the effectiveness of pattern-based and selectionbased surrogates are different, which makes both types of surrogates not necessarily transposable. According to Williams et al. (2006) , who discussed this in depth, 290 Fig. 2 . Selection-based surrogacy effectiveness measured for fictive datasets 1 and 2. Two iterative reserve design algorithms were tested, maximizing either richness and complementarity or rarity and complementarity of surrogates within the selected set of reserves. This means that sites that maximized the surrogate richness (respectively rarity), were added one by one to the set of reserves. To satisfy the complementarity criterion, sites containing surrogates not yet included in the set of reserves were prioritized. The first site included in the set of reserves was the site with the richest (respectively rarest) set of surrogates. During the iterative process, the representation of the target within the selected set of reserves was monitored. The rate of target inclusion was subsequently compared with the rate of target inclusion obtained when selecting sites randomly: 1000 random simulations yielded a mean and confidence interval (mean + 1.96 SE). A reference optimal scenario was also built using the same algorithms, selecting sites directly regarding the target data. Plots of target representation against the number of sites added are called accumulation curves. Species accumulation indices (SAI, Rodrigues & Brooks 2007) were calculated to assess more accurately the position of the 'surrogate' curve regarding the 'optimum' curve and the 'random' curve. (a) Evidence that a strong pattern-based surrogate (cf. Fig. 1a and Table 1 ) can be a weak selection-based surrogate. (b) Evidence that a strong selection-based (cf. Fig. 1b and Table 1) surrogate can be a weak pattern-based surrogate the important criteria to achieve effectiveness of a set of reserves when using surrogates is not the strength of the relationship between biodiversity patterns of the target and its surrogate (pattern-based surrogate) but biotic complementarity among areas. Comple- Targets are macroalgae species, and surrogates are habitats. In this example, we used a habitat geomorphological map (map C in Dalleau et al. 2010 ) and a scale of analysis of 250 m to compute habitat richness around the stations. Circle size indicates species richness at each census station, while colour indicates habitat richness in the considered neighbourhood. Good congruence would result in small green circles, medium-sized congruence in yellow and orange, and poor congruence in large red circles. A poor correlation was measured between target and surrogate richness, with low Kendall correlation τ = 0.11 (p = 0.19). This poor correlation was the best achieved for the macroalgae taxa, for all types of habitat maps and scales (Dalleau et al. 2010 ) Fig. 4 . Using a rarity-complementarity algorithm, and various types of habitat maps and scales, almost all accumulation curves (as explained in Fig. 2 ) are above the reference random curve (which here is the upper level of the 95% confidence interval achieved after 1000 random scenarios). This indicates good effectiveness of habitats as surrogates of macroalgae with this prioritization design. Results for the various scales are shown for (a) a fine benthic habitat map, (b) a fine geomorphological map, and (c) a coarse geomorpho logical map. See Dalleau et al. (2010) for details mentarity was redefined as 'a measure of the extent to which an area or set of areas, contributes unrepresented features to an existing area or set of areas' (Margules & Pressey 2000, p. 249) . Complementarity analysis is thus a function of an iterative process that selects management units in a stepwise fashion such that each new unit contributes best to the overall criteria (e.g. maximum representation of species; Caro 2010). Fig. 1a clearly suggests that patterns of complementarity need to be considered before using pattern-based surrogates for selection-based surrogates.
THEMATIC EXAMPLES OF PATTERN-BASED AND SELECTION-BASED SURROGATES FROM THE CORAL REEF LITERATURE
Coral reefs are globally at risk, threatened by climate change and anthropogenic disturbances, and conservation actions are exponentially increasing. This is paralleled by a similar increase in coral reef conservation literature, including a growing use of the concept of surrogacy applied to coral reefs. As such it is a good ecosystem case study to illustrate some misuses of the concepts and definitions presented above. Thus, we did not conduct a comprehensive review of the use of biodiversity surrogates (see instead Ferrier 2002 , Favreau et al. 2006 , Ro drigues & Brooks 2007 ) but highlighted representative current references to the surrogacy concept.
In early 2011, we performed a search on surrogacy papers from the ISI Web of Science literature database using a combination of the following key words: coral, reef, surrogate, surrogacy. For each study, we analysed the conservation target, the potential surrogate feature, the vocabulary used when referring to the surrogate and the aim or context of the study. Here, the terms 'conservation target' and 'target feature' refer to the attribute of biodiversity on which conservation actions or protection measures focus.
We recorded 6 papers using the generic term 'surrogate' that actually referred to pattern-based surrogates (Table 2) . These papers represented studies that used surrogates to (1) describe biodiversity patterns; (2) estimate biodiversity metrics (e.g. species or habitat richness, diversity); (3) develop models to predict the spatial distribution of conservation targets , McArthur et al. 2010 . These studies suggested, as perspectives, that the resulting data and maps could be used for rapid biodiversity assessments and for integration in conservation planning schemes. Most of the studies assessed the potential of habitats and environmental variables to predict reef fish diversity, except De Troch et al. (2008) , who demonstrated that higher taxa in copepods and nematodes can be used as pattern-based surrogates for species-level identifications or fast assessments. One interesting example is from Dunn & Halpin (2009) . They suggested using 'rugosity' as a pattern-based surrogate of hard-bottom habitats, which are known to support high levels of biodiversity. They then proposed to use hardbottom habitat predictions from the rugosity as input of siting algorithms to protect fish richness, and more generally marine biodiversity. Lindsay et al. (2008) investigated the potential of habitats as patternbased surrogates to predict fish assemblages in a marine protected area. Harborne et al. (2008) assessed the pattern-based surrogacy potential of habitat heterogeneity as a surrogate of biodiversity to support its use as a selection-based surrogate. Anderson & Yoklavich (2007) and Anderson et al. (2009) proposed to use their efficient pattern-based surrogates (seabed habitats) for management purposes. Wedding et al. (2008) stated that since there was a strong link between the pattern-based surrogate (substrate rugosity) and the considered ultimate conservation target (reef fish assemblages), the surrogate could be used to assist in prioritizing areas for conservation and management but gave no further details on how this could be applied. It is obvious in the coral reef literature that there is a propensity to consider pattern-based surrogates for further conservation planning. However, the message remains unclear concerning the exact methods to apply.
Few selection-based surrogacy studies (Table 1 ) appear in the coral reef literature. They focused on (1) testing selected taxa as surrogates of total reef biodiversity (Beger et al. 2007) , (2) testing of selected taxa as surrogates of other selected taxa (Beger et al. 2003 (Beger et al. , 2007 , and (3) testing coral reef habitats as surrogates of taxa, ecological functions and ecosystem services (Mumby et al. 2008 , Dalleau et al. 2010 . Generally, these studies have avoided mixing the selection-based and pattern-based concepts, and even clearly pointed out the paradox (Beger et al. 2007 , Dalleau et al. 2010 .
In the recent coral reef literature, the word 'surrogate' is thus often used with a 'pattern-based' meaning (Table 2 ). Many claims that good surrogates (sensu pattern-based) were identified, but conclusions on efficiency of pattern-based surrogacy cannot be simply transferred to selection-based surrogacy. Thus, managers should be careful if they aim to identify a set of reserves using a previously identified pattern-based surrogate. 
and ecosystem ecological functions of fish species, ecosystem processes and ecosystem services services. Table 2 . Synthesis of studies on pattern-based and selection-based surrogates for coral reef biodiversity
CONCLUSION
In their review on the effectiveness of surrogates in conservation planning, Rodrigues & Brooks (2007) clearly made the distinction between the different types of surrogacy approaches by examining studies using reserve selection, and excluding those testing correlations between surrogates and target features. The 2 different ways of using the terms 'surrogate' or 'surrogacy' pointed out by Rodrigues & Brooks (2007) are recurrent as shown by our coral reef review, and this has led to confusion, contrasting and apparently opposite results, and possible misunderstandings of the concepts and methods applied.
Pattern-based surrogates are mostly descriptive tools, whereas selection-based surrogates are strictly conservation tools. Managers have to keep in mind that a good pattern-based surrogate is not necessarily a good selection-based surrogate and vice versa.
Conceptually, there is inherently nothing wrong in using one approach or the other for a given problem. However, we recommend that authors clarify upfront which approach they use and provide a clear framework to avoid misleading conservation advice. We also believe that systematic presentation would facilitate future inter-study comparisons, meta-analysis and the establishment of clear guidelines. 
